We disposed of retention indices of 127 volatile substances on a C 78 -paraffin and on its seven nearly isochor and isomorphous polar derivatives in a temperature range of 90-210°C. The retention index of a substance on the C 78 paraffin has been considered as the standard. The additional retention on the polar derivative was given by the difference of its retention index on the polar solvent and the C 78 -paraffin. Statistical analyses of the additional retention have shown that concerning retention, the seven polar solvents can be classified into three groups: type I: TTF (tetrakistrifluoromethyl), MTF (monotrifluoromethyl), type II: PCN (primary cyano), PSH (primary thiol) and type III: TMO (tetramethoxy), SOH (sec. alcohol), POH (primary alcohol). It is shown that the the three types are best represented by the solvents TTF, PCN and TMO. PSH (primary thiol) is aligned with PCN at temperatures up to about 150°C, but is similar to TMO at 210°C.
Introduction
Gas/liquid retention data have been determined on a family of nearly isochor and isomorphous liquid stationary phases shown in Table 1 [1 -4] . Corrected retention indices and standard chemical potential differences related to molal Henry coefficients (Standard chemical POTential difference ≡ SPOT) of 127 solutes have been determined on all stationary phases. The data have been published on the branched hydrocarbon stationary phase of the carbon number 78, called "alkane C 78 ", of the melting point of about 80°C and on seven thermally stable polar derivatives of this branched paraffin (see Table  1 and [5] ). Because of a lack of thermal stability, the solvent with bromo derivative was left out of the analysis reported in this paper. Data in the polar solvents are given relative to those measured in the solvent C 78 . Latter has obviously no polar interacting group. As originally published, the determined indices contained small errors, especially at higher temperatures. The data have been corrected and are published in [5] . They can be downloaded from [doi:10.1016/j.chroma.2006.01.123].
The retention index of the j th substance, I j , is calculated by interpolation of the logarithm of its net retention time, lg , , between those of the neighbouring n-alkanes measured under identical experimental conditions. It is now easy to show that in the case of ideal gas/liquid chromatography (no adsorption) this is equivalent to the interpolation of the corresponding SPOT of a solute, Δμ j , between the SPOT-s of the two neighboring n-alkanes, Δμ z and Δμ z+1 , of carbon number, z and z+1: where the retention times t N,j , t N,z and t N,z+1 are at the same temperature, T. At a given temperature the retention index of a solute designates on a logarithmic scale the place where a hypothetical n-alkane with the carbon number I j /100 would appear. Obviously, the retention index of a n-alkane of the carbon number, z, is defined at all temperatures as I z =100z. 
X
The temperature dependence of the retention index on a stationary phase P is given by the quadratic equation
where the temperature 150° is chosen in the middle of the temperature range of the determination of the experimental data and ∆ . The temperature dependence of the index is in general small and nearly linear. In our analysis, the indices determined in the polar derivative, are for each stationary phase P given as differences ∆ 3
where the symbol, ∆, designates a difference with reference of the standard paraffin C 78 .
A statistical analysis of the original data was published in [6] . It had the aim to predict the boiling point and certain distribution coefficients of the solutes. The corrections of the retention data at high temperatures are of an order that they do not invalidate the conclusions of [6] . The aim of our paper is to choose those polar phases that are different and represent all polar phase information.
Retention on the Polar Stationary Phases

Scatter Plots of the Additional Retention
We put now forward the question if all polar stationary phases assure a different characterization of a mixture. Indeed, the ∆ -values are different on all phases, but they can be correlated. A good correlation can be awaited between data on the two trifluoro substituted phases. The first panel in the first row of Fig. 2 shows that the additional retention on the tetrakistrifluoromethyl phase is systematically about 3.3 times higher than those on the monotrifluoromethyl derivative. This means, that the chromatogram on the MTF-phase can be reproduced by a chromatogram of a TTFphase diluted by the C 78 -hydrocarbon.
The individual panels in Fig. 1 show scatter plots of the additional retention in one polar phase as a function of the additional retention in a second polar phase. Since we have seven polar phases, constructing all these scatter plots gives a 7 by 7 matrix of panels. The first row of Fig. 2 shows a summary of the 127 retention index differences, Δ , in the form of box plots for each of the seven polar solvents (see [7, 8] for more details on box plots). With very few exceptions, the values of Δ are positive, that is, the retention index in a polar solvent is higher compared to C 78 . This reflects the lack of interactive groups in C 78 . Solvents with large Δ -values are TTF, TMO and PCN. The polar solvents MTF and PSH have the smallest Δ -values.
Box Plots of the Additional Retention
The box plots show the distribution of the variable Δ for each solvent separately, but they cannot show, how the variable Δ behaves for couples of solvents. This joint distribution of the additional retention index is exhibited in Fig. 2 . 
Principal Components
The analysis by principal components is a statistical procedure, which can be applied to data consisting of several variables measured on the same substances. If variables are intercorrelated, it is sometimes possible to reduce their number without much loss of information. As seen in Fig. 1 The weights or loadings, , are chosen in such a way that the first principal component maximises the variance, the second principal component is uncorrelated with the first and under this condition maximises the variance, the third is uncorrelated with the other two and maximises the variance, and so on. Of course, the constraints imposed on successive principal components become more and more limiting and the maximal variance achievable under the constraint becomes smaller and smaller. In this way, principal components analysis (PCA) can replace many variables by one or two principal components, which contain a very large part of the total variance. The relative importance of each component is determined by the fraction of the total variance it explains. All seven components together explain 100% of the variation in the original data, the first six a little less than 100%, and so on.
A basic text on this statistical procedure, written for chemists, is found in [9] . In the data we analyse in this paper, the PCA is revealing. The first and most important components explains a very large 96.2% of the total variation in the variables Δ . This reflects the fact that the extra retentions in the seven polar phases are so strongly correlated that they can be successfully explained by an average extra retention. The first and the second components together increase this percentage to 98.8%. Hence, only 1.2% of the information is not captured by these two principal components.
The loadings of the first and second principal components are as follows: around 0.15). The weight 0.47 given to TTF is 3.3 times as large as the one given to MTF. Hence, these coefficients give large weight to the stationary phases with big extra retention (see Fig. 2 ) and small weight to those with small additional retention and the relative importance reflects the slopes we observed in Fig. 1 . The second principal component has positive and negative loadings and describes a contrast between the extra retention in the stationary phases TTF and TMO. All other phases have small loadings. A visual analysis of the loadings is obtained by plotting the vectors , for the seven polar stationary phases P = TTF, MTF, PCN, PSH, TMO, SOH, POH. Fig. 3 shows the vectors of loadings at different temperatures. Fig. 3 . Plot of the loadings for the two first principal components for different temperatures in °C. The grouping of the loading vectors changes across the temperature range. One attribute that remains constant is the separation between TTF and TMO as well as the fact that PCN remains in between these two. Of the other stationary phases, MTF stays with TTF, while PSH, SOH and POH change their behavior across the temperature range. At low temperatures, PSH is similar to PCN, at high temperatures it is similar to TMO. SOH and POH are close to each other and fluctuate around TMO. It is of interest to note that the fraction of the total variation explained by the first two principal components increases with temperature.
Conclusions
This analysis shows that the seven polar stationary phases are well represented by TTF, PCN and TMO. This remains true across a large temperature range. Of the remaining solvents, MTF is grouped with TTF and POH, SOH are grouped with TMO. PSH has a small polarity effect and behaves similar to PCN at low temperatures and to TMO at higher temperatures. Because MTF and TTF are closely linked, one could also choose MTF as a representative. However, larger and more clearly visible effects will be obtained with TTF. Table 2 The groups of substances shown in Figs. 4 -9 are as follows: 
